Abstract Dietary data are used to categorize species diets, but these categorizations do not take into account the mutability of food resources in time or space, the level of interspecific competition in various communities as these resources change, nor the dietary flexibility of species. In this study, we assess the diets of three sympatric species, Eulemur rufifrons, Propithecus edwardsi, and Varecia variegata, in the Vatoharanana site in Ranomafana National Park, Madagascar. We determine dietary diversity, overlap, and interannual variation with data collected from 2001 to 2003. We then compare results on food preference and time feeding with data collected on each species in the late 1980s and early 1990s to determine whether these findings are consistent over the long term. We found little interannual variation in the proportion of time spent eating particular plant parts for each of the lemur species during the three study years (2001)(2002)(2003), and between the earlier and current study. Food items were not always consumed based solely on availability. Dietary diversity was lower in the two frugivorous species (V. variegata and E. rufifrons) compared with the folivorous species (P. edwardsi), and V. variegata and E. rufifrons were more likely to focus their feeding time on one particular genus and plant part in each year. The study species used different strategies to deal with food, particularly fruit, shortages such as a plastic social structure (V. variegata), habitat shifting (E. rufifrons), and dietary switching (P. edwardsi). Although there was low dietary overlap between the study species, they depended on a small number of shared fruits in each of the study years (Chrysophyllum, Syzygium, Ocotea, Plagioscyphus), which may indicate some potential for interspecific Int J Primatol (2018) 
Introduction
The acquisition of food is one of the strongest selection pressures on primate behavior and biology (Altmann 1998; Chivers 1998; Clutton-Brock 1977; Crook and Gartlan 1966; Davies and Oates 1994; Dew and Boubli 2005; Hohmann et al. 2006; Kappeler and Ganzhorn 1993; Kappeler and Heymann 1996; Milton 1980; Rodman and Cant 1984) . Basic information regarding seasonal and annual diets for many primate species is well known, and researchers typically place species into broad dietary categories (e.g., frugivorous, folivorous) based on the proportion of time spent eating different foods (Chapman and Chapman 1990, 1999; Dasilva 1994; Davies et al. 1999; Freed 2006; Strier 1994; Struhsaker and Oates 1975; Vasey 2000) . However, we have less understanding of how flexible species can be in terms of the plant parts and species consumed (Altmann 2009; Chapman 1987; Chapman et al. 2002; Conklin-Brittain et al. 1998; Gautier-Hion et al. 1985; Janson 1983; Lambert and Rothman 2015; Ungar 1995; Wrangham et al. 1998) , especially over the long term. Such comparisons are important because primates lead relatively long lives with slow rates of aging compared to mammals of similar size. Therefore, monitoring them over long time periods (>10 yr) is needed to develop a multidimensional understanding of diet, along with other variables such as life history traits, social systems, ecology, and conservation (Kappeler et al. 2017) .
Food availability, which varies in both time and space, is a fundamental factor influencing an animal's feeding choice, and food scarcity may impose substantial selective pressures on consumers (van Schaik et al. 1993; Terborgh 1983) . Research shows that phenological patterns are not only annually diverse among individual plants from the same species, among species, and among communities, but that they are also interannually diverse, which can influence primate feeding dramatically and may limit primate population size (Chapman et al. 2005) . Variation is thought to be greatest for fruit phenology, with individual trees fruiting sometimes synchronously with conspecifics and at others times asynchronously, and with some species in a forest producing fruit in some seasons, but not in others Hemingway and Bynum 2005) . However, even though leaves tend to be temporally present and abundant, there can be substantial fluctuations in the availability of young leaves (van Schaik and Pfannes 2005) , which many folivores prefer to eat over mature leaves (Chapman et al. 2004; Ganzhorn 1992; Koenig et al. 1998; Milton 1979 Milton , 1980 .
In addition, primate species tend to live in communities with other primates where interspecific interactions over food sources, such as competition, occur (Fleagle and Reed 1996; Ganzhorn 1988 Ganzhorn , 1989 Gautier-Hion 1978; Kamilar and Ledogar 2011; Ossi and Kamilar 2006; Struhsaker and Oates 1975; Terborgh 1986; Waser 1987) . Although there is some evidence that one primate species can potentially limit the presence of another species (e.g., Cercopithecus nictitans stampflii and Cercopithecus diana diana: Eckardt and Zuberbühler 2004 ; Microcebus berthae and M. murinus: Dammhahn and Kappeler 2008; Schwab and Ganzhorn 2004) , niche theory suggests that sympatric species should evolve species-specific ecological adaptations to avoid or to reduce interspecific competition for limited resources (Begon et al. 1996; Gause 1934; Hutchinson 1959; Krebs and Davies 1993; Pianka 1981) . The majority of studies have found that sympatric species usually have high interspecific dietary overlap, but partition their niches by altering traits such as activity pattern, day range, home range, travel time, foraging method, social structure, and forest stratum use (Buzzard 2006; Cords 1986; Garber 1988 Garber , 1993 Gautier-Hion 1980; Hadi et al. 2012; Heymann and Buchanan-Smith 2000; Overdorff 1993; Porter 2001; Simmen et al. 2003; Vasey 2000; Wright 1989) , and/or by broadening their diet or switching to different food sources in times of scarcity (Agostini et al. 2010; Buzzard 2006; Chapman et al. 2002; Cords 1986; Dew 2005; Freed 2006; González-Zamora et al. 2009; Head et al. 2011; Lambert 2002; Marshall et al. 2009; Powzyk and Mowry 2003; Stevenson et al. 2000; Struhsaker 1978; Struhsaker and Oates 1975; Terborgh 1983; Thalmann 2006) .
In this article, we report on interannual differences in the composition of diets, dietary diversity, and dietary overlap of three sympatric lemur species, Varecia variegata, Eulemur rufifrons, and Propithecus edwardsi, living at the Vatoharanana research site in Ranomafana National Park, from 2001 to 2003. Because research has been done at Vatoharanana for many years, we also compare some dietary aspects with the first studies on these lemur species at Vatoharanana. These earlier studies were conducted in the late 1980s and early 1990s (E. rufifrons: 13 mo during , Overdorff 1991 P. edwardsi: 13 mo during 1991 P. edwardsi: 13 mo during -1992 P. edwardsi: 13 mo during , Hemingway 1995 V. variegata: 18 mo during 1990 V. variegata: 18 mo during -1994 V. variegata: 18 mo during , Balko 1998 . V. variegata is diurnal, relatively large (3.6 kg), and lives in multimale-multifemale communities that fission-fusion (Baden 2011) . It is an obligate frugivore with behavioral and demographic sensitivity to fruit availability (Baden 2011; Balko 1998; Balko and Underwood 2005) . It forages most often in large canopied tree crowns in the upper strata of the forest (>20 m) on fruit. E. rufifrons is cathemeral, small in body size (2.2 kg), and lives in relatively stable multimale-multifemale groups (6-16 individuals) Overdorff 1993; Overdorff et al. 1999) . Across its geographic range, Eulemur is characterized as semifrugivorous, with relatively greater dietary flexibility than Varecia (Donati et al. 2015; Johnson 2006; Ossi and Kamilar 2006) . However, during her (1991) 13-mo study of E. rufifrons, Overdorff reported that fruit was the most common food item exploited by this species, and that the majority of feeding took place in the upper canopy. P. edwardsi is a large-bodied (5.9 kg), diurnal primate that lives in small groups (2-9 individuals), who forage at all levels of the canopy (Hemingway 1995; Pochron and Wright 2003) . It seems that P. edwardsi is neither a strict folivore nor frugivore.
We address the following hypotheses: 1) Feeding behavior is flexible, in response to food availability. We predict that, for each of the study species, there will be interannual differences in the time spent feeding on preferred plant parts and plant genera. 2) Dietary diversity increases when preferred food is scarce. We predict that, in years when preferred foods are not generally available, the types of foods eaten and the number of plant genera used increase. 3) Dietary overlap is affected by food availability. We predict that dietary overlap between the study species will be highest in years when fruit is least abundant, and that dietary overlap will be greatest among species categorized as frugivores. 4) Feeding behavior is inconsistent over the long term, reflecting the unpredictability of resources. We predict that feeding behavior, such as preferred foods and time spent feeding on them, differs from earlier studies and this study, in each lemur species.
Methods

Study Site
Ranomafana National Park (RNP) was established in 1991 and encompasses 41,600 ha (E47°18′-47°37′, S21°02′-21°25′) of evergreen rainforest in southeastern Madagascar. Elevations range from 600 to 1513 m. At least 13 lemur species, belonging to 5 families and 10 genera, live in RNP (Herrera 2017; Wright and Andriamihaja 2002) . Effectively, there are three climatic seasons: warm and wet (December-March), cold and dry (April-October), and warm and dry (October-December). Botanically, RNP is one of the most diverse rainforests in the world (Lowry et al. 1997) . Moraceae, Clusiaceae, Lauraceae, and Myrtaceae are the predominant plant families (Schatz and Malcomber 1993) . Across years, annual rainfall totals (range 1500 mm-4000 mm per year), phenological patterns, annual temperatures (range 4-32°C), and the lengths of wet and dry seasons vary greatly (Wright et al. 2005) . The park experiences large seasonal and annual peaks and prolonged troughs in food availability, particularly fruit, with many canopy species producing flowers and fruit on prolonged, irregular, asynchronous, or alternate year cycles (Grassi 2001; Hemingway 1995; Overdorff 1993; Tecot 2008; Wright et al. 2005) . This study took place at the RNP site of Vatoharanana (E47°21′00″, S21°30′00″). Although the forest of Vatoharanana underwent selective logging of commercially valuable hardwoods by timber exploiters from 1987 to 1988, which was approximately equal to 1% of the study area, overall it has experienced little human disturbance (Balko 1998; Balko and Underwood 2005; Tecot 2008; Wright 1997; Wright and Andriamihaja 2002) .
Study Species
We studied two groups each of Varecia variegata, Eulemur rufifrons, and Propithecus edwardsi, all habituated by researchers. Study subjects in all groups were individually identifiable based on olefin collars and metal pendants. In September 2000, before data collection commenced in January 2001, we darted and collared all subjects without collars and pendants from previous studies (Overdorff and Erhart unpubl. data) . One member of each group wore a radio collar (Telonics, Inc., Mesa, AZ) appropriate to its body size for ease of locating groups at the start of each data collection day. We followed the darting protocols established by Glander et al. (1991 Glander et al. ( , 1992 , using the Pneu-dart™ system, which employs disposable nonfbarbed darts with a 9-mm needle delivered by a gun powered by carbon dioxide. The capture drug was Telazol®, and we determined dosages by body size. We caught all darted individuals in hammocks as they fell from trees. At the beginning of the study, 17 study subjects had collars and tags from previous studies. Over the study period, we darted 11 individuals to replace radio collars and to identify juveniles with collars and pendants once they attained adult body size. No injuries or fatalities occurred.
Four researchers, split into two teams, recorded data from January 2001 to December 2003, using focal animal sampling and continuous recording (Altmann 1974) . Each week we studied two groups of one of the study species. In each team, one researcher recorded data, while the other researcher watched for group movements and identified plants by their Malagasy vernacular names. We followed groups 8-10 h per day, from approximately dawn to dusk, for 5 days per week. Focal animal data were recorded for 2-h intervals and we balanced total sample times between lemur group members weekly. We rotated lemur species weekly so that total sample times were balanced between species; this also ensured that each study group and lemur species were studied in every month throughout a year. All data are based on adult group members (Table I) .
We compared some dietary aspects between our 2001-2003 study and the first studies on Varecia variegata (Balko 1998) , Eulemur rufifrons (Overdorff 1991) , and Propithecus edwardsi (Hemingway 1995) , at Vatoharanana, which were done during the late 1980s and early 1990s. Each of these researchers used focal sampling with continuous recording to record feeding data, as we did in our 2001-2003 study.
Feeding Data
Data include 7886 feeding bouts and 2629 h of feeding time combined for the lemur species. We based analyses on 720 individual-days encompassing 6480 h of contact time. We recorded all feeding bouts initiated by the focal animal, noting the duration of each feeding bout and the plant part consumed. We determined feeding bout length by recording the time (hour, minute, seconds) the focal individual started feeding by placing food in its mouth and stopped feeding on a food source. We considered a bout to have ended if the focal individual paused from feeding for ≥15 s. We categorized edible plant parts as ripe or unripe fruit, young or mature leaves, seeds, flowers, soil, or insects. We identified plants by their scientific genus and family names, if known, which were provided by the Parc Tsimbazaza or the Missouri Botanical Garden. We were unable to identify 18 of the 186 (9.7%) different plant genera eaten during this study. We could not use plant species designations, as many of these species were ambiguous, and because of ongoing taxonomic revisions.
We also conducted phenological sampling monthly to estimate food availability using a 100X100 m botanical plot, first established by Schatz and Malcomber (1993) . The botanical plot contained 405 trees (≥10 cm DBH), from 86 genera and 26 families, and 84 vines and parasites from 20 genera and 9 families. Although all of the top 10 plant genera were represented in the botanical plot, seven plant genera that lemur Propithecus edwardsi 1 male, 1 female 1 male, 1 female 4 species ate during the study were not represented. Because this was a small percentage (6.6%) of the overall genera eaten, we assume the botanical plot was representative of the home ranges of the lemur species. We monitored the botanical plot in the first week of each month throughout the study. We scored each tree, vine, or parasite for the different phenophases: new leaves, mature leaves, flowers, unripe fruit, and ripe fruit.
Statistical Analysis
For each of the lemur species, we calculated the percentage of time spent feeding on specific plant parts and genera. Because chi square tests showed annual feeding time in hours were not significantly different between groups of Varecia variegata ( .09, df = 1, P = 0.76), we combined group data by year for each lemur species. Using feeding and botanical plot data, we recognized a preference for a certain plant part (e.g., fruits, flowers, young leaves, and mature leaves) when the percentage of that part in a lemur species diet exceeded its percentage availability in the environment (Begon et al. 1996; Lambert and Rothman 2015) . We called a food type Bpreferred^when the ratio of availability to annual feeding time was >50%.
We used nonparametric statistics because data were rarely normally distributed and variances were typically heterogeneous (Siegel and Castellan 1988; Sokal and Rohlf 2012) . We performed all statistical tests with JMP Pro 11 and set statistical significance at P < 0.05. We evaluated the differences in the total time the lemur species spent feeding, and the number of plant genera eaten by the lemur species, using a KruskalWallis H test, which is a rank-based test used to determine if there are statistically significant differences between two or more groups of an independent variable on a continuous or ordinal dependent variable. However, in some cases (e.g., mature leaves, insects, soil) we could not conduct statistical comparisons because expected values were < 1, or > 20% of expected values were < 5 (Siegel and Castellan 1988) .
Based on past studies of these lemur species, ≥50% of their monthly diet comprised specific plant genera (whether fruit, flowers, or young leaves) (Balko 1998; Hemingway 1995; Overdorff 1991; Wright et al. 2011) . Therefore, we analyzed the top 10 plant genera and families exploited annually as food resources. We determined the annual top 10 plant genera exploited by each lemur species by calculating the proportion of time spent feeding upon each plant genus out of total time spent feeding for each study year.
We quantified dietary diversity based on percent of time spent feeding on plant parts and plant genera for each of the lemur species. We assessed dietary diversity for annual diets via Simpson's diversity index (Begon et al. 1996) :
where S = the total number of genera in the diet and n i = the total number of individuals of the nth genus. N is the total number of individuals of all genera in the community.
The value increases with both the specific richness of the diet (S) and the equitability of those genera (rarely eaten genera contribute less to D than commonly eaten genera). We calculated interspecific dietary overlap using a formula established by Holmes and Pitelka (1968) :
where D = dietary overlap and S i = percentage of diet shared between two lemur species based on the plant genera and parts eaten.
Data Availability The datasets analyzed during the current study are available from the corresponding author onreasonable request.
Ethical Note
This research complied with protocols approved by the University of Texas-Austin and Texas State University's Institutional Animal Care Committee, and adhered to the American Society of Primatologists Principles for the Ethical Treatment of NonHuman Primates and to the legal requirements of Madagascar.
Results
Plant Parts Consumed
We recorded consumption of a total 186 different plant genera over the study period for the lemur species combined. The lemur species, Varecia variegata, Eulemur rufifrons, and Propithecus edwardsi, ate various combinations of fruits, flowers, and leaves ( Fig. 1) . V. variegata and E. rufifrons spent most of their time eating fruits and flowers, while P. edwardsi spent most of its time eating fruits, young leaves, and seeds (Fig. 1) . Only E. rufifrons consumed insects (2001 (Fig. 1) , when other plant parts (fruits, flowers, young leaves) were at their lowest abundance (Fig. 2) .
Time Spent Feeding and Plant Part Availability
There was little interannual variation in the proportion of time spent eating particular plant parts for each of the lemur species during the three study years (Fig. 1) , with one exception. Varecia variegata and Eulemur rufifrons spent proportionately more time eating flowers in 2001 than in 2002 and 2003, when both taxa spent the majority of their feeding time on fruits (V. variegata: Kruskal-Wallis fruits: H = 9.6, df = 2, P = 0.008, Kruskal-Wallis flowers: H = 15.8, df = 2, P < 0.001; E. rufifrons: KruskalWallis fruits: H = 10.6, df = 2, P = 0.005, Kruskal-Wallis flowers: H = 16.1, df = 2, P < 0.001) (Fig. 1 ). The high proportion of feeding time on flowers seems to be related to a superabundance of one type of flower, Mammea sp. (Stevens 2005) , in October and November 2001. Mammea sp. made up the majority of 2001 flower feeding time for V. variegata (29.8% out of 30.2%) and E. rufifrons (35.1% out of 38.6%) (Table II) .
Although the percent time spent feeding annually on various plant parts stayed fairly consistent from year to year for each of the lemur species (Fig.  1) , the availability of flowers, fruits, and young leaves varied one year to the next, with the lowest availability of foods in 2003 (Fig. 2) . Even so, the study species still spent the majority of their time feeding on fruits (Varecia variegata mean = 83.3%; Eulemur rufifrons mean = 77.0%), or fruits and seeds Asterisks denote shared top 10 food with earlier studies (Balko 1998; Hemingway 1995; Overdorff 1991) FR fruit, FL flowers, YL young leaves, ML mature leaves, SD seeds (Propithecus edwardsi mean = 46.5%), in 2003 when fruit was extremely scarce (mean = 3.6% of trees) compared to years when the percentage of trees with fruit was relatively higher (mean = 10.4% for 2001, 13.3% for 2002) (Fig. 2) .
Top 10 Plant Genera
Across the study period, each lemur species consumed 20-21 different plant genera (Table II ). The mean time spent feeding on their respective top 10 plant genera was 83.9% for Varecia variegata, 78.9% for Eulemur rufifrons, and 61.8% for Propithecus edwardsi. V. variegata and E. rufifrons were more likely than P. edwardsi to focus their feeding time on one plant genus and plant part in a study year (Table II) . In contrast, from year to year P. edwardsi consistently spent similar amounts of time feeding on the various plant parts from several genera. For each of the lemur species, there were plant genera used in every study year (Table III ). Using Kruskal-Wallis H tests, we found no statistical differences in the time spent feeding on these plant parts each year for any of the lemur species (Table III) .
Dietary Diversity
We found significant differences between the dietary diversity of the lemur species (Kruskal-Wallis test: H = 7.2, df = 2, P = 0.029; Table IV) . Varecia variegata had the lowest dietary diversity index and Propithecus edwardsi had the highest dietary diversity index as measured by number of genera eaten, number of genera contributing >1% to the overall diet, and Simpson's diversity index. Values for Eulemur rufifrons were more similar to those of V. variegata than P. edwardsi. 
Dietary Overlap
Dietary overlap based on plant genera and plant part eaten was greatest for Varecia variegata and Eulemur rufifrons (mean = 21.9, SD = 2.9), less for E. rufifrons and Propithecus edwardsi (mean = 15.7, SD = 1.7), and least for V. variegata and P. edwardsi (mean = 15.2, SD = 2.8) (Fig. 3) . Out of the top 10 food items, V. variegata and E. rufifrons shared 12 plant genera and plant part eaten, while E. rufifrons and P. edwardsi shared 7 plant genera and plant part eaten, and V. variegata and P. edwardsi shared 5 plant genera and plant part eaten (Table II) .
Feeding Data from Earlier Studies and Comparison Between Decades
We found consistency over time in the lemur species' preferred food parts, the time spent feeding on fruit, and the top 10 plant genera and the time spent feeding on them (Table V) . In all studies, the lemur species spent most of their time feeding on fruit, although the proportion was higher for each species in the earlier studies compared to the later study. All of the top 10 foods from the earlier studies were top ten foods in the later study for Varecia variegata and Propithecus edwardsi, although 2 of the top 10 foods for Eulemur rufifrons were not found in the later study (BVahimbomena,T 
Canarium).
Time spent feeding on the top 10 foods was also consistent over time.
Although the number of plant genera eaten was similar for V. variegata between the earlier and later studies, it was different for E. rufifrons and P. edwardsi.
Discussion
Our results show strong feeding fidelity to particular plant genera and plant parts by Varecia variegata, Eulemur rufifrons, and Propithecus edwardsi, regardless of the availability of those food sources. This result is consistent with the first studies of these lemur species at the Vatoharanana site in the late 1980s to early 1990s (Balko 1998; Hemingway 1995; Overdorff 1991) . Dietary overlap for the study species was greatest among fruits, although there are several important distinctions among their diets. Detailing the dietary similarities and differences allows us to understand the dietary niche of each species, which are becoming ever more important as anthropogenic forces, such as climate change, negatively affect food sources.
Interspecific Dietary Similarities and Differences over Time
In Varecia variegata, comparisons with Balko's (1998) study suggest strong dietary consistency through time, based on the top 10 foods eaten and time feeding on different plant parts. Annual feeding time on fruits is typically 90% or greater, with >50% of time focused on just three or four species of fruit (e.g., Harungana, Chrysophyllum, Protorhus, and Cryptocarya) (Balko 1998; Balko and Underwood 2005 ; this study). These fruits are usually from trees that are not present in disturbed forests, and they are used disproportionately more than predicted based on their availability (Balko and Underwood 2005) . They also have contrasting availability, as Cryptocarya and Chrysophyllum exhibit high temporal availability, while Harungana and Protorhus have high spatial availability. Notably, the availability of Cryptocarya and Chrysophyllum coincides with the cool-dry time of year when V. variegata is breeding and gestating. We found that Eulemur rufifrons was highly frugivorous, with at least 54.1%, and as much of 93.7%, of annual feeding time devoted to fruits. Like Varecia variegata, fruits (Overdorff 1991) , and Propithecus edwardsi (Hemingway 1995) , at Vatoharanana, Ranomafana National Park, Madagascar, compared to the current study (2001-2003, results Total genera utilized 37 (41) 104 (56) 78 (110) made up the top ten foods for E. rufifrons in every year of the study except for 2003, when E. rufifrons spent relatively more time than in other years feeding on mature and young leaves. Compared with Overdorff's study (1991), E. rufifrons demonstrates strong dietary consistency through time. In this study, they consumed 8 of the 10 top foods used in the earlier study (Overdorff 1991 ). An exception was that the fruit Canarium was not in the top 10 foods in our study. Botanical records indicate that Canarium did not fruit at all in 2001 and 2002, and produced only a small fruit crop in 2003. This finding may be due to the number of plants exploited in each study, as Overdorff (1991) found that E. rufifrons exploited a mean of 104 plants during her study, while we found that they used just 56 plants per study year. We found that Propithecus edwardsi had a diet primarily of fruit, sometimes in the form of pulp and sometimes in the form of seeds, and young leaves, as in previous studies (Hemingway 1995; Meyers and Wright 1993) . Our results for time spent feeding on food items and the top food genera eaten were consistent with Hemingway's study (1995) , and in both studies P. edwardsi increased time feeding on fruits with increasing fruit abundance. P. edwardsi devoted roughly similar percent feeding times to seeds (mean 29.4%) and fruit pulp (mean 22.5%), and consumed a greater diversity of pulp sources compared to a more limited number of seed sources (see also Hemingway 1995) . P. edwardsi spent less time consuming plants from its top 10 list compared to Varecia variegata and Eulemur rufifrons. We found no differences in the top ten plant genera and plant parts used in this study compared to Hemingway's (1995) 18-mo study, although we did see a difference in the mean number of plants used annually between her study and our study (78 vs. 110 plants, respectively).
There is evidence of irregular and supraannual phenological patterns in Madagascar due to poor soils, low plant productivity, and an erratic and severe climate (Dewar and Richard 2007; Ganzhorn et al. 1999 Ganzhorn et al. , 2009 Johnson 2002; Jury 2003; Ratsimbazafy 2002; Wright 1999; cf. Federman et al. 2017) . We predicted much interannual variation in the diets of Varecia variegata, Eulemur rufifrons, and Propithecus edwardsi in our study, and changes in the most common plant genera used when comparing data from first studies at Vatoharanana on these lemur species to the current study. Not only was there variability in fruit production from year to year during our study, but there was also a decrease in fruit availability from 1988 to 2003 at the study site ). Yet, with a few exceptions, our predictions were not borne out. Our results seemed to reflect strong preference of V. variegata and E. rufifrons for fruit from particular genera even in years when these food sources were relatively scarce. This is contrary to the view that dietary switching, or feeding on alternative resources, is the most common primate response to spatial and temporal variations in food availability (Hemingway and Bynum 2005) . Thus, V. variegata and E. rufifrons did not consume food items based solely on availability, presumably because some food items, even when scarce, are Bprofitable^in terms of energy content per unit handling time relative to other food items (Stephens and Krebs 1986) . In contrast, although P. edwardsi spent about half of its feeding time on fruits and seeds, exhibiting a preference for fruits and seeds when available, it increased time spent feeding on leaves when they were not abundant (Hemingway 1995 (Hemingway , 1998 Wright et al. 2005) . It is important to acknowledge that their leaf consumption was selective and most likely based mainly on nutritional quality (Norscia et al. 2006) , as they avoided mature leaves even though they were available all year. This result is consistent with findings on other populations of Propithecus, even those living in dry forests (P. diadema: Irwin et al. 2014; P. perrieri: Lehman and Mayor 2004; P. tattersalli: Meyers 1993; P. verreauxi: Simmen et al. 2003) .
Dietary Flexibility, Diversity, and Overlap
Of the three study species, we found that Varecia variegata ate the fewest number of plant genera and spent the most feeding time on its top 10 plant genera. It seems that this lemur species is able, at least in part, to concentrate its feeding on fruit because of its plastic social structure, which allows adjustments in group size, composition, and mating strategy in response to temporal and spatial changes in fruit availability (Balko and Underwood 2005) . Breaking into subgroups seems to be related to the availability of high-quality food sources (e.g., ripe fruit) during periods of food scarcity in Varecia (Baden et al. 2016) . Although the V. variegata groups at Vatoharanana are smaller (up to 9 individuals) than the Varecia communities seen at other locations (up to 31 individuals), we documented fission-fusion group dynamics during periods of poor fruiting (see also Baden et al. 2016; Balko 1998; Morland 1991; Ratsimbazafy 2002; Vasey 2000; White et al. 1995) . Owing to fewer individuals within subgroups, there may be less need for agonistic conflict in feeding contexts, especially when fruit patches are small.
Although some researchers posit that dietary flexibility is one reason for the success of the radiation of Eulemur (Donati et al. 2011; Huebner and Fichtel 2015; Ossi and Kamilar 2006; Sato et al. 2016) , we found a lack of diversity in the diet of E. rufifrons across the study period, with little switching to other types of foods even during periods of fruit shortage. There are several behavioral strategies used by this species to pursue fruit, all of which were observed during this study, such as increased feeding over 24-h periods (Donati et al. 2007; Overdorff 1993 ), reduced group cohesion when feeding (Overdorff and Johnson 2003) , and habitat shifting, or traveling outside of their home range areas in search of resources (Overdorff 1993; Overdorff et al. 1999) . Habitat shifting seems to be the main response of E. rufifrons to dietary stress, and study groups increased their ranges and eventually migrated up to 5 km away from their home ranges when there were two or fewer species of fruit in season, presumably to areas with more abundant fruit sources (Overdorff 1991; Erhart and Overdorff unpubl. data) . Habitat shifting allows groups of E. rufifrons to stay together as they travel increasingly further distances in search of fruit sources, and this species appears to follow an energy maximizing strategy because they increase their ranging to meet their nutritional needs (Hemingway and Bynum 2005) . As female E. rufifrons are primarily responsible for leading group movements to food sources (Erhart and Overdorff 1999; Pyritz et al. 2011; Scholz and Kappeler 2004) , they may be able to influence their daily foraging efficiency and nutritional intake, which could influence long-term reproductive success (Erhart and Overdorff 1999) .
Propithecus edwardsi had a much more diverse diet compared to Varecia variegata and Eulemur rufifrons. P. edwardsi ate double the number of plant genera, had more plant genera that contributed >1% of the overall diet, and had a Simpson's diversity index that was 10 times higher than that of the other two lemur species. P. edwardsi ate fruit or seeds and leaves almost equally. The dietary flexibility of P. edwardsi may reflect their specialized gut with high fiber digestibility via microbial fermentation and long retention times, in comparison to the simpler digestive tract and shorter retention times of V. variegata and E. rufifrons (Campbell et al. 2000; Overdorff and Rasmussen 1995) . Unlike the other study species, P. edwardsi consumed small amounts of soil, possibly to augment its midgut symbiotic flora in response to increased levels of fiber and toxins in its food (Ganzhorn 1989; Glander 1982; Norscia et al. 2005) . A possible advantage of having such a diverse diet is that it may lessen overgrazing of any one particular plant taxon, thereby increasing plant fitness and reducing the need for plant chemical defense (Norscia et al. 2006) . It also may allow them to sustain their populations in fragmented or disturbed forests, at least over the short term (Irwin 2006 Dammhahn and Kappeler 2008; Ganzhorn 1989; Overdorff 1993; Powzyk and Mowry 2003; Sato et al. 2016; Simmen et al. 2003; Thorén et al. 2011; Vasey 2000) . In general, these studies have revealed separation among sympatric species in at least one component of the ecological niche, such as food resources, vertical spacing, or habitat partitioning.
We did not predict such low dietary overlap between Varecia variegata and Eulemur rufifrons, which had similar, fruit-based dietary profiles. Indeed, out of the top 10 foods, which were based on time budgets, V. variegata and E. rufifrons shared just four to five fruits each year. However, while their combined feeding time on these fruits was relatively low, it increased in the last study year when fruit was scarce (2001: 10.1%; 2002: 10.4%; 2003: 14.1% ). In contrast, we predicted very little dietary overlap between Propithecus edwardsi and the two frugivorous lemur species, but their overlap was higher than we predicted for specific fruit genera. In fact, fruit genus overlap between Propithecus and the other two species was similar to that between the two frugivorous species. E. rufifrons and P. edwardsi shared two to three fruits each year (combined feeding time in 2001: 5.5%, 2002: 11.7%, 2003: 8.1%) , and V. variegata and P. edwardsi shared three to four fruits each year (combined feeding time in 2001: 7.2%, 2002: 11.9%, 2003: 13.2%) . In each study year, the study species shared two fruits out of their top 10 foods, and there was even one fruit that they all ate every year. These shared plants (Chrysophyllum, Syzygium, Ocotea, Plagioscyphus) are relatively dominant species at Vatoharanana (based on basal area) in comparison to other fruit species (Balko 1998; Erhart and Overdorff unpubl. data) .
Therefore, even though dietary overlap was low for the lemur species, their dependence on a small number of shared fruits and top 10 foods may indicate the potential for some interspecific competition, and it brings up the question Bas to what level of difference in diet among populations or species is biologically significant^ (Chapman et al. 2002, p. 359) . Lemur reproduction and fruit availability are temporally linked across species (Tecot 2010; Wright et al. 2005) , and females are either gestating (Varecia variegata, Eulemur rufifrons) or lactating (Propithecus edwardsi) during the time when overall fruit production declines during the cool-dry time of year, from June to September. Importantly, of the shared fruit species, Chrysophyllum and Ocotea usually demonstrate a positive response in productivity to heavy rains during the warm-wet time of year, from December to March, which provides fruits when overall fruit production declines during the cool-dry time of year, from June to September (Balko 1998) . However, cyclones negatively affect all trees, and usually occur between January and March in southeastern Madagascar. The number of cyclones hitting southeastern Madagascar increased from 1994 to 2003 , which resulted in a significant difference in fruit and leaf availability compared to when researchers first studied these lemur species at the Vatoharanana site in 1988 to 1993 (Balko 1998; Hemingway 1995; Overdorff 1991) . Fruit trees used by the lemur species produce fruit in only ca. 40% of all years, which means they go through bottlenecks of fruit availability at least every other year (Ganzhorn et al. 1999) . Consequently, the composition of the lemur species diets has the potential to fluctuate annually depending on which food items, particularly fruits, are available, which can result in long-term changes in lemur fecundity and juvenile survival rates (Dunham et al. 2010; Wright et al. 2005) . Research on the study species suggests that there has been a negative trend in population density since the early 1990s, at least in part owing to habitat disturbance caused by climate variability, along with other threats such as deforestation and harvesting (Dunham et al. 2008 (Dunham et al. , 2010 Erhart and Overdorff 2008; Herrera et al. 2011; Kamilar and Tecot 2016; Pochron et al. 2004) . Our results suggest that habitat disturbance and climate change can potentially limit these three species from employing their respective strategies for coping with low fruit availability, by shrinking available habitat for fissioned groups (V. variegata), impeding habitat shifting by reducing alternative ranges (E. rufifrons), and limiting dietary switching by increasing food shortages (P. edwardsi).
